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1
VARIATIONS AND METHODS OF
PRODUCING VENTILATED STRUCTURAL
PANELS

BACKGROUND OF THE INVENTION

The present invention relates to various embodiments of
ventilated structural panels and methods of building the ven-
tilated structural panels. Sheathing is an essential component
of any residential or commercial structure and provides struc-
tural support for roofs, walls and floors, as well as providing
a surface of sufficient thickness and strength for the attach-
ment of roofing materials such as asphalt shingles and metal
roofing, siding materials such as wood clapboards or vinyl
siding and flooring finishes such as tile, wood, hardwood,
laminates, vinyls or carpets and the like.

Sheathing has traditionally been supplied in 4'x8' sheets,
made of plywood or OSB, which provide a desirable modular
size that can be handled by one worker. The means of attach-
ment depends on the function, thickness and strength require-
ments of the application and may include mechanical fasten-
ers such as nails or staples and/or adhesives. Roofs, walls, and
flooring use sheets of similar sizes, though varied thickness.

Complex, costly, and non-commercially feasible systems
have been proposed to incorporate in some manner ventila-
tion systems into sheathing, but they lack the structural
strength and other benefits of the present invention.

SUMMARY OF THE INVENTION

Wherefore, it is an object of the present invention to over-
come the above mentioned shortcomings and drawbacks
associated with the prior art.

The methods and embodiments described within provide
efficient methods of providing a matrix of elements arranged
in a grid pattern with one layer of parallel members in a plane
perpendicular and attached to a parallel plane of similar par-
allel members.

The matrix of parallel members in adjacent and perpen-
dicular planes are disclosed as a component of different
embodiment of the ventilated structural panels disclosed in
U.S. patent application Ser. No. 13/539,919 filed Jul. 2,2012,
U.S. patent application Ser. No. 12/987,832, filed on Jan. 10,
2011, and U.S. patent application Ser. No. 13/016,320, filed
Jan. 28, 2011. The disclosures of these three Applications are
incorporated by reference as if fully restated herein.

The matrix members can be made of a matrix forms 202ing
material that has a wood base, including, but not limited to
oriented strand board, chips, fibers, cooked fibers, lignocel-
Iulose, cellulose particles and fibers as well as manmade
fibers including, but not limited to fiberglass, other polymers
and plastic based fibers, metal fibers, and carbon fibers. In all
cases, an appropriate binding agent is combined with the
fibers in a an optimal ratio with the fibers which when cured
or hardened form a strong structural member capable of trans-
ferring tensile, compressive, bending and shear forces and
stresses.

The matrix material can consist of the materials cited above
separately or a combination of the materials above—for
instance, lignocellulose or cellulose fibers themselves may
have insufficient shear strength and the filler material strength
could be increased with the addition of stronger fibers such as
metal, fiberglass and carbon fiber among others, or even
granular fill or epoxy or plastic. This mixture would also be
more cost effective than using costly fibers exclusively.

The matrix assembly of individual “sticks™ of material
(usually wood, but can be other materials) with adhesive
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2

and/or mechanical means is an adequate but could be a slower
production method for the ventilated structural panels, and
are less likely to yield the precision provided by the presently
disclosed methods.

The disclosed methods provide a number of alternatives for
forming the matrix including:

A form comprising two machined presses to produce the
matrix from fiber/binder material. This form could be used for
non-compressible fillers by the bottom form to the desired
thickness and lowering the top form;

The two machined presses could also be used for com-
pressible filler material by filling to the top, screeding the top
and pressing the top form to the desired thickness;

A similar method as above can also be employed on rotary
forms or drums for continuous production for both compress-
ible and non compressible filler;

Another method is disclosed for non-compressible filler
where a form with top and bottom plates are placed together
and voids in the top and bottom plates are filled via tubes
which supply material at the intersections of the matrix mem-
bers;

A similar method for non-compressible filler can also be
employed for continuous production on rotary drums as
shown in another embodiment;

Finally, a method is disclosed where the entire single or
multi-plenum ventilated structural panel can be constructed
with fibrous material and binder, in a single step, including
both the top and bottom sheets and the integral matrix. This
method involves forms which would be folded into a progres-
sive assembly and withdrawn linearly when cured. The end
result is a fully formed ventilated structural panel.

An example of typical production setups are provided
below.

In all cases, the forms can be scalable and not necessarily
limited to the common size of 4'x8' sheets. For the forms,
either flat or rotary, they could have a circumference of §', 16'
or more—they could have a length of 8', 16' 24' or longer. All
methods are fully scalable.

It is assumed that all elements and forms can be heated to
provide the necessary heat energy to set heat activated bind-
ers. Similarly, all forms could have perforations for the intro-
duction of steam or cooling air as required in the process
depending on the fibrous material and binder.

The molds/dies are preferably constructed of metal but
could be constructed from other durable materials including
plastics and carbon fiber.

In all cases, the details of the forms and surfaces shall be
assumed to be able to be formed with slight inclination for
product removal. For production efficiencies, corners and
edges could be chamfered with straight or curved edges,
either in the molding or in a separate step.

The ventilated structural panel, as disclosed, is a versatile
construction sheathing product that can be used in a wide
variety of residential and commercial applications.

The ventilated structural panel is an ideal roof sheathing
with superior strength and integral ventilation.

The ventilated structural panel is also an ideal ceiling
sheathing for indoor use because of its superior strength and
ability to span 48" or more which would eliminate required
structure such as rafters. In this embodiment or application,
the sheet of the ventilated structural panel exposed to the
room, or one side of the sheet which would be exposed, could
be constructed from drywall, preferably 4" thick board to
minimize weight. Similar other desirable materials could also
be used for the exposed sheet such as wood paneling, vinyl
coated sheets, plastic coated sheets or other desirable mate-
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rial. The structural spacing elements could be any of the
embodiments of structural spacing elements previously dis-
closed.

Continuing in the same enhancement, The ventilated struc-
tural panel can be constructed not only of a variety of mate-
rials for or on one or both sheets, but can also come pre-
finished in a desired color or finish with paint, vinyl
applications or other veneers such as wood or plastics, espe-
cially for an exposed side of the sheet that faces the interior of
the building. The sheets could also have various textures—
wood could be smooth, rough, stained, painted, grooved or
textured in a variety of ways. The sheets could be covered
with cloth or papers for desired finishes.

The ventilated structural panel is an ideal siding material
and provides a ventilated cavity behind the siding which is
required by Code in some jurisdictions like Canada. The
ventilated structural panel siding allows the siding to be
nailed in any location without consideration of stud locations.
A permeable but waterproof membrane can be incorporated
into the construction of the ventilated structural panel to
comply with code requirements if needed. Siding applica-
tions could utilize some of the ventilated structural panel
configurations where there is a one layer matrix and/or the
matrix is of one layer of an extruded or non/rectangular shape.

The ventilated structural panel is also an ideal flooring
material that provides long spans between supports and a
cavity between floors. This cavity can be used for air distri-
bution for a forced air heating or cooling system allowing the
placement of outlet registers at any location. Return air could
be handled conventionally with ductwork. The ventilated
structural panel would be sized accordingly with the require-
ments of the desired floor covering—for instance a tile floor
may require a ventilated structural panel top sheet of 34"
while a carpeted or laminated floor may only require a 34" or
14" sheet. The lower sheet of the ventilated structural panel
could be thinner, for example, /4" thick.

The ventilated structural panel is an ideal flooring material
to run electrical wires and voice and data wires when the
ventilated structural panel is constructed with a screen which
is located between the two layers of the matrix. The screen
would still allow the required adhesive between adjacent
members, but would separate the two cavities allowing wires
to be run with ease in one direction in one or more channels
defined by a first layer of members, and/or in a second per-
pendicular direction in one or more perpendicular extending
channels defined by a second layer of members. Exits and
receptacles can be cut in the sheets where required.

The ventilated structural panel can be used for partitions
between rooms by installing panels in a vertical orientation.
The ventilated structural panel would provide two layers of
sheeting that could be finished, for example, as disclosed
above, and manufactured from wood such as OSB, plywood,
or paneling or could be of 2 layers of drywall. This would
allow the installation of the vertically oriented ventilated
structural panel strength, structure, and both wall finishes in a
single instillation step. The vertically oriented ventilated
structural panels would preferably be interlocking with adja-
cent vertically oriented ventilated structural panels. This
would greatly reduce the construction time required as
opposed to conventional method of framing and then later
finishing by applying drywall to each side of the framed wall.
The vertically oriented ventilated structural panels would be
especially useful in manufactured housing.

Multi-plenum ventilated structural panels would also be an
ideal material for constructing walls for both exterior and
interior applications. The dual cavities in multi-plenum ven-
tilated structural panels would allow one cavity or both to be
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filled with insulation for sound proofing or thermal require-
ments. Partitions or walls of multi-plenum ventilated struc-
tural panels can be sized with the required sheet thickness to
meet structural requirements for shear and bearing walls as
required. The exterior sheets could be constructed from dry-
wall while the interior sheet would supply the structural sup-
port if constructed from plywood, OSB or more advanced
material such as carbon fiber panels, plastic panels, or metal
panels. Alternatively, a carbon fiber, plastic, and/or metal
reinforcement/cage/web or impregnation could be attached to
orintegrated in the interior sheet made from plywood or OSB.
A strong configuration would be a multi plenum panel with a
matrix in each plenum.

The ventilated structural panel or multi-plenum ventilated
structural panels could be applied and used directly as roof
panels if the top layer was constructed of a waterproof mate-
rial such as metal, plastics, carbon fiber or other similar water-
proof material. Preferably, where two panels are adjacent to
one another, they would be waterproofed along their points of
adjacency. This would further minimize installation time of a
roof by obviating the need for the additional steps of applying
roofing felt and shingles.

The ventilated structural panel or multi-plenum ventilated
structural panels would be ideal materials to use to finish a
concrete basement wall, especially if the plenum in the wall
were tied to a plenum in the floorings that is also constructed
of ventilated structural panel or multi-plenum ventilated
structural panel. The plenum(s) in the panel would provide a
void to help with thermal bridging and evacuate any moisture
from leaks or condensation. The surface of the sheet facing
the interior of the basement could be finished with a conven-
tional material or the interior facing sheet have applied to or
be comprised of drywall or other desirable pre-finished mate-
rial such as vinyl laminates, paneling or wood, textured,
painted, stained or otherwise finished.

The ventilated structural panels or multi-plenum ventilated
structural panels are ideal for flooring in computer rooms,
Information Technology rooms, and communication rooms.
The panels provide both a plenum for cooled air and also
channels for running wires and cables.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate various
embodiments of the invention and together with the general
description of the invention given above and the detailed
description of the drawings given below, serve to explain the
principles of the invention. It is to be appreciated that the
accompanying drawings are not necessarily to scale since the
emphasis is instead placed on illustrating the principles of the
invention. The invention will now be described, by way of
example, with reference to the accompanying drawings in
which:

FIG. 1 is an exploded perspective view of an embodiment
of the panel according to the presently claimed invention;

FIG. 2 is plan view of an embodiment of the panel;

FIG. 3 is a plan view of an embodiment of the panel
depicting indented space and protruding segments;

FIG. 4 is a close-up perspective view of an embodiment of
the panel, depicting the indented space, protruding segments,
and chamfered edges;

FIG. 5 is an iso view of the panel mounted on mounting
elements;

FIG. 6 is a perspective top front view of a 48"x96" planar
press form with a wood matrix in the middle;

FIG. 7 is a perspective bottom view of the form of FIG. 6;
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FIG. 8 is a perspective top front view of the form of FIG. 6
without the matrix in the middle;

FIG. 9 is a perspective bottom view of the form of FIG. 8;

FIG. 10 is a perspective top front view of the bottom plate
of the form of FIG. 6 with the matrix in the form;

FIG. 11 is a perspective shadow view of the top and bottom
plate ofthe form of FIG. 6 pressed together, with the matrix in
the void between the two plates;

FIG. 12 is a side plan view of the long side of the bottom
plate of the form of FIG. 6;

FIG. 13 is a side plan view of the short side of the bottom
plate of the form of FIG. 6, with optional encasing;

FIG. 14 is a top plan view of the bottom plate of the form of
FIG. 6;

FIG. 15 is a side plan view of the long side of the top plate
of the form of FIG. 6;

FIG. 16 is a side plan view of the short side of the top plate
of the form of FIG. 6;

FIG. 17 is a bottom plan view of the top plate of the form of
FIG. 6;

FIG. 18 is a partial schematic iso representation of spaced
layers of matrix;

FIG. 19 is a partial schematic side plan representation of
intersecting layers of matrix;

FIG. 20 is a bottom side perspective view of a rotary press
embodiment of the form of the presently claimed invention,
with the top and bottom rotary plates separated to show detail;

FIG. 21 is a horizontal perspective view of the form of FIG.
20, with the top and bottom rotary plates separated to show
detail,

FIG. 22 is a front perspective view of the form of FIG. 20,
with the top and bottom rotary plates separated to show detail;

FIG. 23 isacloseup front perspective view of the top rotary
plate from the form of FIG. 20;

FIG. 24 is a close up front perspective view of the bottom
rotary plate from the form of FIG. 20;

FIG. 25 is a side plan view of the form of FIG. 20, with the
top and bottom rotary plates separated to show detail;

FIG. 26 is a front plan view of the form of FIG. 20, with the
top and bottom rotary plates separated to show detail;

FIG. 27 is a schematic view of the form of FIG. 20, with a
feed hopper, producing a matrix;

FIG. 28 is a schematic view of a layout of fibrous material
for feeding into the form of FIG. 20;

FIG. 29 is an exploded perspective view of planar press
form with integrated fill tubes;

FIG. 30 is a bottom front perspective view of the form of
FIG. 29;

FIG. 31 is a top perspective view looking down on the top
plate of the form of FIG. 29;

FIG. 32 is a side perspective view of the long side of the
form of FI1G. 29,

FIG. 33 is a side perspective view of the short side of the
form of FI1G. 29,

FIG. 34 is a perspective view of a second embodiment of a
rotary press form of the presently claimed invention;

FIG. 35 is a top plan view of the form of FIG. 34;

FIG. 36 is a side plan view of the form of FIG. 34;

FIG. 37 is an side corner plan view of a full panel form
embodiment of the presently claimed invention;

FIG. 38 is a front top iso view of the form of FIG. 37;

FIG. 39 is a front bottom iso view of the form of FIG. 37,

FIG. 40 is a side plan view of the short side of the form of
FIG. 37,

FIG. 41 is a top plan view of the form of FIG. 37,

FIG. 42 is a side plan view of the long side of the form of
FIG. 37,
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FIG. 43 is a partial schematic iso view of an embedded
mechanical fastener; and

FIGS. 44-46 are various embodiments of mechanical fas-
teners.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be understood by reference to
the following detailed description, which should be read in
conjunction with the appended drawings. It is to be appreci-
ated that the following detailed description of various
embodiments is by way of example only and is not meant to
limit, in any way, the scope of the present invention.

Turning now to FIGS. 1-5, a brief description concerning
the various components of the ventilated structural panel will
now be briefly discussed. As can be seen in FIGS. 1 and 2, the
panel 2 is comprised of a first sheet 4 and a second sheet 6
fixedly mated together via spacing structural elements 8. In
one embodiment the spacing structural elements 8 are com-
prised of a first layer 10 and a second layer 12 of rectangular
shaped elongated members 14, spaced apart from each other
a predetermined spacing distance 16. The arrangement of
elongated members 14 in the first layer 10 is perpendicular to
the arrangement of elongated members 14 in the second layer
12, forming a matrix 17 of elongated members 14.

As shown in FIG. 1, a first horizontal edge 18 and a second
horizontal edge 20 of the first sheet 4 substantially align with
a first horizontal edge 22 and a second horizontal edge 24 of
the second sheet 6, respectfully. Similarly, a first vertical edge
26 and a second vertical edge 28 of the first sheet substantially
align with a first vertical edge 30 and a second vertical edge 32
of the second sheet 6, respectfully. For sake of clarity, the
second sheet 6, though present each embodiment depicted, is
not shown in FIGS. 2 and 3.

As shown in FIG. 3, the first 10 and the second layer 12 of
elongated members 14 are indented a certain first distance 34
inward from the first horizontal edges 18, 22 of the first and
the second sheet 4, 6. The first 10 and the second layer 12 of
elongated members 14 correspondingly overlap the second
horizontal edges 20, 24 ofthe first and the second sheet 4, 6 by
the same first distance 34, creating first protruding segments
35. Similarly, the first 10 and the second layer 12 of elongated
members 14 are indented a certain second distance 36 inward
from the first vertical edges 26, 30 of the first and the second
sheet 4, 6. Likewise, the first 10 and the second layer 12 of
elongated members 14 correspondingly overlap the second
vertical edges 28, 32 of the first and the second sheet 4, 6 by
the same second distance 36, creating second protruding seg-
ments 37.

These matching indents and overlaps aid in fittingly mating
a first panel 2 to a neighboring second panel 2 in a secure
“tongue in grove” fashion. By providing corresponding
indent and overlap on all four edges, a surface formed of
multiple panels may be assembled faster, have increased
strength and rigidity as a unit, and helps ensure a continued
smooth panel surface. As in the embodiment shown, the first
distance 34 of indent and overlap with respect to the horizon-
tal edges can be of the same value as the second distance 36 of
indent and overlap in the horizontal direction. It is to be noted
that the indent and overlap have been exaggerated in FIG. 3,
to show detail.

As shown in FIG. 4, a portion of the first protruding seg-
ments 35 that overlap the second horizontal edges 20, 24 of
the first and the second sheet 4, 6, have a chamfered edge 38.
These chamfered edges facilitate inserting the first protruding
segments 35 of the first 10 and the second layer 12 of a first
panel 2 into a second adjacent panel 2, and specifically into a
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space provided by the inward indent of the elongated mem-
bers 14 the first distance 34 from first horizontal edges 18, 22
of the first 10 and the second layer 12 of the adjacent panel.
The chamfer on the chamfered edge 38 would terminate
between 14" and 34" from the second horizontal edges 20, 24
of the first and the second sheet 4, 6, and preferably would
terminate approximately 4" from the second horizontal
edges 20, 24 of the first and the second sheet 4, 6.

In a like manner a portion of the second protruding seg-
ments 37 that overlap the second vertical edges 28, 32 of the
first and the second sheet 4, 6, have a chamfered edge 38 [not
shown]. These chamfered edges similarly facilitate inserting
the second protruding segments 37 of the first 10 and the
second layer 12 of'a first panel 2 into a second adjacent panel
2, and specifically into the space provided by the inward
indent of the elongated members 14 the second distance 36
from the first vertical edges 26, 30 of the first 10 and the
second layer 12 of the adjacent panel. The chamfer on the
chamfered edge 38 would terminate between /4" and 34" from
the second vertical edges 28, 32 of the first and the second
sheet 4, 6, and preferably would terminate approximately V4"
from the second vertical edges 28, 32 of the first and the
second sheet 4, 6.

As shown in FIG. 5, the panel 2 may be mounted onto
mounting elements 40 such as roofing rafters or trusses, floor-
ing joists, or wall studs, just as normal plywood or OSB board
would be mounted—twelve inches on center. Because of the
panels’ increased strength, they may be mounted to mounting
elements 40 spaced father apart than a plywood or OSB board
of the same thickness as the sum of the thickness of the first
and second sheet of the panel would require under similar
conditions—including allowing the panels to be mounted on
mounting elements 40 spaced sixteen, twenty four, thirty six,
forty two, forty eight, and ninety six inches apart on center.

Turning next to FIGS. 6-17, a first embodiment of a form
202 is shown as a planar press from 204. The form shown
produces a matrix 17 of elongated members 14 measured at
48"x96". The form 202 has a bottom first plate 206 and a top
second plate 208. In this embodiment the first and the second
plate 206, 208 are planar, but in other embodiments one or
both of the plates 206, 208 may be round and drum shaped.

As shown, the first plate 206 has deep voids 210 and shal-
low voids 212 formed into the face 214 of the first plate 206,
with the deep voids 210 preferably extending twice as deep
into the face 214 of'the first plate 206 as the shallow voids 212.
The deep voids 210 extend elongate and parallel to one
another and continuously in a first direction A, defining a first
plane. The shallow voids 212 extend elongate and parallel to
one another and continuously a second direction B, defining
a second plane. The first direction A and second direction B
are preferably perpendicular to one another, and the first plane
and the second plane are parallel to and preferably spaced
from one another. The deep voids 210 and the shallow voids
212 overlap in the first plate 206 at points of overlap 216, such
that the matrix 17 formed may be of unitary, one piece con-
struction.

The second plate 208 has discontinuous protrusions 217
extending from its face 214. The height of the protrusions 217
from the face 214 of the second plate 208 are preferably equal
to the depth of a top edge the shallow voids 212. The width of
the extensions are approximately equal but slightly smaller
than the width of the deep voids 210. The protrusions 217 are
preferably sized to form either a transition or clearance fit
with the deep voids 210, but only partially, ideally halfway,
filling the depth of the deep voids 210 when the second plate
208 mates with the first plate 206. The length of the protru-
sions 217 along the face 214 of the second plate 208 is equal
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to the distance separating adjacent shallow voids 212 from
one another, and are parallel to the first direction A. The
protrusions 217 are arranged such that the gaps between the
protrusions 217 are aligned and coincident with the points of
overlap 216. When the second plate 208 mates with the first
plate 206, the protrusions 217 fit into the deep voids 210 up to
a height equal to a top surface of the bottom first layer 10 of
matrix 17 formed by the deep void 210. The protrusions 217
form the top of the mold for the bottom first layer 10 of the
elongate matrix members 14.

To produce the matrix 17 portion of the panel 2 according
to this embodiment, either one or both plates 206, 208 of the
form 202 are filled with either compressible or non-com-
pressible fibrous/binder matrix material 219. The matrix
material 219 preferably would be distributed on the first plate
206, filling all or part of the voids. The matrix material 219
and/or the plates 206, 208 could be preheated as necessary.
The second plate 208 would be lowered and the matrix mate-
rial 219 would be pressed by the form 202 to the desired
thickness and pressure, preferably until the face 214 of the
second plate 208 comes in contact with the face 214 of the
first plate 206. The protrusions 217 would force matrix mate-
rial 219 out of a top portion of the deep voids 210 and into the
shallow void 212 and points of overlap 216. For non-com-
pressible material, the material could be deposited and screed
even with the top of the bottom first plate 206. Preferably, the
peripheral edges of the plates 206, 208 could be blocked with
a peripheral barrier 221 to prevent any matrix material 219
from leaking out of open ends or exterior edges of the voids.
It is noted that a peripheral barrier 221 may be used for all
forms 202 disclosed herein. Alternatively, small openings
could be provided in one or more ends or exterior edges of the
voids to allow some excess matrix material 219 to be released
as the second plate 208 presses against the first plate 206 and
the protrusions 217 forced fluid out of a top portion of the
deep voids 210. The small openings would be sufficiently
small though to maintain a minimal pressure on the matrix
material 219 to allow for bonding/setting to occur. The plates
could be heated as required to bond, set, and or cure the matrix
material 219, as desired, and then the matrix 17 would be
removed/ejected from the form 202 either after or shortly
before it had fully cured. If desired, release agents could be
applied to the form 202 to aid in the release of the matrix 17,
preferably before or concurrent with addition of the matrix
material 219. The matrix 17 would then be attached to one or
two sheets 4, 6, by mechanical fasteners 224 and/or adhe-
sives, thus forming a ventilated structural panel 2.

The depth from the surface of the first plate 206 at the
points of overlap 216 is preferably equal to depth of the deep
voids 210 plus the depth of the shallow voids 212, minus the
height of the protrusions 217. Such a depth would be consis-
tent with creating matrix members 14 of the first layer 10
directly adjacent and touching, but not intersecting, the
matrix members 14 of the second layer 12. The distance
between a bottom surface of the lower layer 10 of matrix
members 14 and a top surface of the upper layer 12 of matrix
members 14 would be equal to the sum of the individual
height of the lower layer 10 members 14 plus the height of the
upper layer 12 members 14.

On the other hand, the depth of the points of overlap 216
may be greater than depth of the deep voids 210 plus the depth
of the shallow voids 212, minus the height of the protrusions
217, for example, where separation between the first and
second layers 10, 12 of the matrix 17 or where a greater
intra-sheet 4, 6 clearance is desired. In such a design, as
shown in FIG. 18, the elongate matrix members 14 of the first
layer 10 would be spaced from the elongate matrix members
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14 of the second layer 12, but joined at the point of overlap
216 by a column of matrix material 219.

Conversely, the depth of the points of overlap 216 may be
less than the depth of the deep voids 210 plus the depth of the
shallow voids 212, minus the height of the protrusions 217,
for example, when less clearance in the interior of the panel 2
and more integration between the first and second layers 10,
12 of the matrix 17 is desired. In such a design, as shown in
FIG. 19, the elongate matrix members 14 of the first layer 10
would intersect the elongate matrix members 14 of the second
layer 12, and the distance between a bottom surface of the
lower layer 10 and a top surface of the upper layer 12 would
be less than the sum of the height of the lower layer 10 plus the
height of the upper layer 12.

Turning next to FIGS. 20-28, the form 202 described above
can also be constructed as a rotary press form 218, with the
first and the second plate 206, 208 shaped as two cylindrical,
drum shaped rotary plates 220, so that the matrix 17 produc-
tion can be a continuous operation, without requiring recip-
rocating vertical motion of one or both plates 206, 208. In this
embodiment, the second plate 208 presses the first plate 206,
not by vertically lowering the second plate 208 onto the first
plate 206, but by rotating the first and the second plates 206,
208 relative to one another while the surface 214 of the two
plates 206, 208 are in contact with one another. The rotary
plates 220 shown have a nominal 96 inch circumference and
awidth of 48 inches, such that one rotation of the rotary plates
220 produces a matrix 17 sized for a typical 4 foot by 8 foot
ventilated structural panel 2. For production efficiencies,
these dimensions could be greatly increased with the limits of
the production machinery. For example, a 24 foot wide matrix
17 could be continuously manufactured with a pair of 16 foot
circumference 24 foot wide rotary plates 220. This 24 foot
wide matrix 17 could be trimmed, if desired, to create twelve
individual four foot by eight foot matrices for every rotation
of the rotary plates 220 in the rotary press form 218. Each
matrix 17 could then be incorporated into a 4 foot by 8 foot
ventilated structural panel 2.

If desired, interruption element 222 in the form of a linear
cutting edge or filled void section could be disposed on the
surface of the rotary plates 220 from one edge to the other.
The cutting edge 222 would be a specialized protrusion 217
stretching from one axial edge to the other axial edge of the
surface 214 of the second plate 208. When the rotary plates
220 are rotated past the cutting edge 222, the cutting edge 222
would push out all fo the matrix material 219 in the deep void
210 on the first plate 206—from one edge of the rotary plate
220 to the other—out, and thereby, in effect, automatically
“cutting” the matrix 17 at given intervals. Alternatively, a
filled void section interruption element 222 would comprise
one or more locations along the face of the first plate 206
where there are no voids 210, 212 in the surface 214 of the
plate first 206, stretching from one axial edge to the other
axial edge of the surface 214 ofthe first plate 206—as if all the
voids for that location were filled in. An example of employ-
ing interruption elements 222 would be having one cutting
edge or filled void section 222 present along the circumfer-
ence of a 96" circumference rotary plate 220. Here the rotary
press form 218 would produce one 8 foot long matrix 17 with
each full rotation of the rotary plates 220.

Alternatively, or in addition, to produce multiple matrices
17 or a fraction of the width of the rotary press form 218, a
interruption element 222 in the form of curved arcuate cutting
edge or filled void section could be circularly disposed around
the circumference of the rotary plates 220. The arcuate cut-
ting edge 222 would automatically cut the matrix 17 into
widths of fractional size to the width of the rotary form 202.
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For example, the 24 foot wide rotary press form 218 above
could have five arcuate cutting edges 222 axially spaced
equidistant apart along the faces 214 of the second plate 208,
such that the 24 foot wide rotary press form 218 automatically
produced six 8 foot wide matrices 17, without requiring an
extra cutting step.

The voids 210, 212 in the rotary press form 218 would be
filled could be filled with the same matrix material 219 as the
planar form 204, such as wood fibers, heated/expanded wood
fibers (e.g., masonite), fiberglass, carbon fiber and other
materials such as plastics, metals and formable materials
suitable for adequately transferring necessary stresses once
set.

The Figures show the rotary plates 220 separated for dis-
play purposes. In production they would normally run with-
out separation, producing, for example, a matrix 17 of joined
¥ax¥4 elongated members 14. Like the planar form 204, the
size and spacing of the matrix 17 produced by the rotary press
form 218 can vary. It should be noted that while the width of
the top and bottom rotary plates 220 are ideally of equal
width, it is not required. Like gears, the circumference of the
two rotary plates 220 may be different, so long as the void
210, 212 spacing and protrusion 217 spacing align. Different
sized first and second plates 206, 208 may be preferable based
on cost, space limitations, or other factors.

In production, a typical setup would include a hopper 226
on input side of the rotary form 202, distributing matrix
material 219 (fiber and binder) onto a conveyer. The conveyer
takes the matrix material 219 and feeds it into the voids 210,
212 ofthe rotary plates 220. The matrix material 219 then gets
pressed and heated (as required), and bond, set, and or cured
by the rotary plates 220 and is the ejected on an output side of
the rotary form 202.

The hopper 226 delivers a predetermined amount of fiber/
binder 219 to the conveyor which feeds into the interlocking
rotary plates 220. The top second plate 208 fits into the bottom
first plate 206 such that the matrix 17 is formed as it exits the
rotary press form 218. The matrix material 219 can be
screeded by a screeder to a predetermined thickness before
entering the rotary plates 220.

As shown in FIG. 28, further refinement on the feeding of
matrix material 219 can be done by depositing a predeter-
mined line of material 219 aligned with the longitudinal voids
210, 212 the first plate 206 and then dropping predetermined
amount of material 219 that would be aligned with the per-
pendicular horizontal voids 210, 212 of the first plate 206.

Turning now to FIGS. 29-33, a non-compressive planar
form 228 is shown with single layer of shallow voids 212
formed in each of first bottom plate 206 and the second top
plates 208. Such an embodiment is generally preferable for
matrix material 219 which does not require compression to
bond, set, and or cure. The matrix members 14 are shaped by
the void 212 defined in one plate 206, 208 and a surface 214
of the other plate 206, 208. This embodiment is also shown
with integrated fill tubes 230. The fill tubes 230 penetrate the
non-compressive planar form 228, preferably at the points of
overlap 216 in the second plate 208, but could be additionally
or alternatively in first plate 206, and could be in a location
other than the points of overlap 216. The fill tubes 230 are
preferably fluidly connected together to deliver a predeter-
mined amount of matrix material 219 into the voids 212, such
that minimal excess material 219 is extruded at the edges.

Turning next to FIGS. 34-36, a non-compressive rotary
form 232 with single layer of shallow voids 212 formed in
each of the top and bottom rotary plates 220 is shown. Like
the non-compressive planar form 228 in the previous embodi-
ment, this non-compressive rotary form 232 is generally
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suited for matrix material 219 that does not require compres-
sion to set, bond, or cure. Non-compressive rotary forms 232
could also have integrated fill tubes 230 (not shown). The
integrated fill tubes 230 could enter side of rotary plate 220
near a center of the circle formed by rotary plate 220 in either
the first or second plate 206, 208 or both. The integrated fill
tubes 230 could then flow like a spoke into the voids 212
defined in the face 214 of the rotary plates 220. Unlike the
non-compressive planar form 228 above, for the non-com-
pressive rotary form 232 the integrated fill tubes 230 would
preferably deliver matrix material 219 asynchronously to the
various voids 212 in the first plate 206, but simultaneous to
different portions of the all the voids on the second plate 208,
so that a matrix 217 was formed at the engagement of the first
plate 206 with the second plate 208. It is noted that the
non-compressive forms 228, 232 might still exert some com-
pressive force on the matrix material 219, or just negligible
amounts of compressive force, depending on the amount of
material 219 forced into the voids 212, and other factors.

Turning next to FIGS. 37-42, the production of the venti-
lated panels 2 via forms 202 could be further expanded and
altered to include a method for forming an entire ventilated
structural panel 2 with integral unitary matrix 17 and sheets 4,
6 in an integrated form 234. As shown in the Figures, a
method is disclosed by which the matrix 17 and the sheets 4,
6 may be formed together as a unitary member, in a generally
single step. The method assumes compression ratio of 2:1 for
fiber/binder material 17—dimensions would be proportion-
ally altered with different compression ratios. The method
assumes desired top and bottom sheets 4, 6 are 35", and the
matrix 17 dimensions are 34"x¥4" at 6" o.c.

Steps:

1. Place ¥4" of material evenly on bottom platen.

2. Place Forms A (Section of 5.25"x%4" in two layers total-
ing 1.5") spaced %4" apart and compress material to 34" thick-
ness.

3. Fill cross voids between Forms A with material to sur-
face.

4. Place forms B (Section ¥4"x%4" into void between Forms
A. and compress to ¥4" thickness so top of Forms B are even
with Forms A.

5. Remove top half of forms A.

6. Remove Forms B.

7. Place Forms C (Section 5.25"x%4") perpendicular and
directly on the surface existing top surface on top of the
compressed material in the same plane as the top of the
bottom half of Forms A.

8. Fill Voids between Forms C.

9. Place ¥4" of material over the entire 4'x8' sheet.

10. Place additional material comprising a sectional size of
¥4"x¥4" directly over the voids filled in step 6.

11. Compress Top Platen 34" so that the top sheet is formed
with a thickness of 34",

12. After setting, curing, or bonding, remove top platen.

13. Withdraw all forms linearly from the sides.

14. A full, unitary ventilated structural panel 2 is complete.
Heat should be applied as needed during the method, depend-
ing on the matrix material 219 used.

Optionally, if additional top material cannot be deposited
in ¥4"x¥4" sectional line with precision over the void on form
C in step 8 above:

8*. Apply a Forms D (Section of 34" wide by 34" depth)
between Forms C and compress 34".

9%*. Remove Forms D and fill resulting void.

10*. Place ¥4" of material over entire 4'x8' panel.

11*. Compress Top Platen 34" to form top sheet

12*. Follow same un-molding procedure above.
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In an alternative embodiment to the method listed above,
manufactured sheets (plywood, OSB, or other material) may
be used in place of one or both of the platens. Utilizing the
preceding method disclosed, the method can be combined
with the utilization of already manufactured top and bottom
sheets 4, 6 of plywood, OSB or other material. The method
would begin with the placement of the desired bottom sheet 4,
for example, a 34" thick sheet. The method would then con-
tinue with prior step 2 of placing Forms A. At step 10, instead
of placing ¥4" of top material 219, a top sheet 6 of the desired
thickness would be placed on and compressed. Adhesives
would be applied if necessary to join the sheets to the matrix
17.

This method of unitary construction of the panels is also
suited for creating unitary construction multi-plenum panels.

Turning to FIGS. 43-46, the manufacture of the matrix 17
of the ventilated structural panels can be made with a post
press, pre-press, or concurrent to press introduction of
mechanical fasteners 224 would preferably be made of metal,
plastic or composite materials, and be shaped and placed so as
to facilitate connection of the matrix 17 with sheets and the
sheets with one another. Also, the mechanical fasteners 224
would ideally increase the strength of the overlap between the
matrix members 14. It is anticipated that the fasteners 224
could be impregnated into the matrix members 14 before the
matrix 17 is completely cured, such that the matrix members
14 would cure around the fasteners 224.

The mechanical fasteners 224 would preferably extend
from below a lower surface of the matrix 17 to above an upper
surface of the matrix 17, however alternate embodiments
would have the mechanical fasteners 224 flush with the top
and the bottom of the matrix 17, or substantively entirely
within the matrix 17. The mechanical fasteners 224 could be
automatically preloaded into the planar or rotary plates before
matrix material 219 is introduced—preferably being received
in one of a plurality of transitional or clearance fit sized
crevices in the voids at points of overlap of the plates 206, 208
(not shown). Once the matrix 17 is bonded, set, or cured, for
example, if desired, the matrix could be removed from the
form 202, adhesive could be placed on a top surface and
bottom surface of the matrix 17, and then the matrix 17, with
the now embedded mechanical fasteners 224 would be placed
between two sheets 4, 6. Pressure would then be applied to the
two sheets 4, 6, in opposite directions, toward the matrix 17
until the mechanical fasteners 224 engage or pierce the two
sheets, and the two sheets 4, 6 engage a respective top or
bottom surface of the matrix 17 and the adhesive previously
applied. The mechanical fasteners 224 would help maintain
the positions of the sheets 4, 6 relative to the matrix 17 as the
adhesive cured. Additionally, the mechanical fasteners 224
would add strength to the matrix 17 and the bond between the
two sheets 4, 6, strengthen the overall panel 2, and decrease
panel 2 manufacturing time.

The mechanical fasteners 224 could have blunt, rounded,
sharp, or barbed tips 236 for engaging and grabbing the sheets
4, 6. The tips 236 could be of a length that they extend all the
way through the sheets 4, 6 and are then flattened on an
opposed surface ofthe sheet 4, 6 like rivets. The shanks 238 of
the mechanical fasteners 224 could be smooth, barbed, heli-
cal, or ringed/annular, to help the mechanical fasteners 224
attach to an maintain position in the matrix 17. The mechani-
cal fasteners 224 could have one or multiple cross shaped
transverse features 240 that extend into each matrix 17 mem-
ber transverse to the main shank of the mechanical fastener
224 in an elongate direction of each matrix member 14. The
transverse features 240 would increase both the strength of
the matrix 17 as a whole, the strength of the points of overlap
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216, and the strength of the connection between the bond
between the matrix 17 and the sheets 4, 6 and between the
sheets 4, 6 with one another. By embedding the mechanical
fasteners 224 before the matrix 17 is cured, bonded, or set, the
risk in splitting or damaging the matrix 17 by attaching the
mechanical fasteners 224 to a solid, set matrix 17 is avoided.
Instead, the fasteners 224 are embedded before setting, and
the matrix 17 is allowed to cure around the fastener 224,
similar to rebar or “cast in place anchor bolts” in concrete. If
the matrix 17 was allowed to cure first, such risk of damage
would exist, and the ability to utilize transverse features 240
would be much more limited.

As a variation of the pre-cure embedding of mechanical
fasteners 224, the sheets 4, 6 may be pre-loaded with fasteners
224 aligned with where the elongate lengths of the respective
members 14 will be adjacent to the respective sheets 4, 6.
These sheet pre-loaded fasteners 224 would preferably be
more simple in design and shorter than the through fasteners
224 above, but, as a benefit, the sheet pre-loaded fasteners 224
could be more numerous, as they could stretch down the
length of the adjacent members—for example, as staples
down the entire length of a sheet. The sheets, with the pre-
loaded fasteners 224, would then be joined with the matrix 17
before the matrix 17 is fully cured so the matrix members 14
are allowed to cure around the mechanical fasteners 224. As
with above, adhesives may be used in addition to the
mechanical fasteners 224, or the mechanical fasteners 224
may be used with no additional adhesive.

A further embodiment of the mechanical fastens 224, as
briefly described above, would use fasteners 224 that are flush
with a top and bottom of the matrix 17, or be entirely within
the matrix 17. Such has the fasteners 224 would function as an
internal reinforcement for the matrix 17, like rebar in con-
crete. In this embodiment, but the matrix 17 would preferably
be connected adhesively and non-mechanically to the sheets
4,6.

In the above description and appended drawings, it is to be
appreciated that only the terms “consisting of”” and “consist-
ing only of” are to be construed in the limitative sense while
of all other terms are to be construed as being open-ended and
given the broadest possible meaning.

While various embodiments of the present invention have
been described in detail, it is apparent that various modifica-
tions and alterations of those embodiments will occur to and
be readily apparent those skilled in the art. However, it is to be
expressly understood that such modifications and alterations
are within the scope and spirit of the present invention, as set
forth in the appended claims. Further, the invention(s)
described herein is capable of other embodiments and of
being practiced or of being carried out in various other related
ways. In addition, it is to be understood that the phraseology
and terminology used herein is for the purpose of description
and should not be regarded as limiting. The use of “includ-
ing,” “comprising,” or “having” and variations thereof herein
is meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items.

I claim:

1. A method of forming a ventilated structural panel having
atop sheet, a bottom sheet, and a plurality of discrete spacing
structural elements arranged in a matrix that fixedly attach the
top sheet to the bottom sheet, the method comprising;

forming the matrix in a mold form, the matrix comprising

a first layer of the plurality of discrete spacing structural
elements extending elongate in a first direction and a
second layer of the plurality of discrete spacing struc-
tural elements extending elongate in a second direction;
and
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attaching the first layer of the plurality of spacing structural
elements to the top sheet and the second layer of the
plurality of spacing structural elements to the bottom
sheet.

2. The method of claim 1 further comprising the step of
depositing a matrix material into a plurality of voids formed
in a face of one of a first and a second plate of the form and
bringing at least a portion of the face of the first plate into
contact with the face of the second plate.

3. The method of claim 2 further comprising the step of
defining at least a part of a contour of the matrix with the face
of one of the first and the second plates and the void.

4. The method of claim 2 further comprising the step of one
of a first and the second plate being planar.

5. The method of claim 2 further comprising the step of the
first and the second plate being cylindrical.

6. The method of claim 2 further comprising the step of
depositing matrix material through form tubes integrated into
one of the first plate and the second plate.

7. The method of claim 1 further comprising the step of at
least partially setting or curing a matrix material to form the
matrix before joining the matrix to the top sheet and the
bottom sheet.

8. The method of claim 1 further comprising the step of
forming the matrix and the sheets from unitary construction.

9. The method of claim 1 further comprising the step of
embedding mechanical fasteners in the matrix before the
matrix is fully cured or set.

10. The method of claim 1 further comprising the steps of:

the first layer of structural spacing elements defining a first

plane,

the second layer of structural spacing elements defining a

second plane,

the first and the second plane being parallel to one another

and at least partially offset from one another.

11. The method of claim 1 further comprising the steps of

the matrix forming a first plurality of parallel air pathways

extending from a first edge of the panel to a second
opposite edge of the panel,

the matrix forming a second plurality of parallel air path-

ways extending from a third edge of the panel to a fourth
opposite edge of the panel, and

the first and the second plurality of parallel air pathways

extend orthogonally to one another.

12. The method of claim 1 further comprising the steps of
spacing the first layer of structural spacing elements from the
second sheet and spacing the second layer of structural spac-
ing elements from the first sheet.

13. The method of claim 1 further comprising the steps of
directly attaching the first layer of structural spacing elements
to the second layer of structural spacing elements.

14. A method of forming a ventilated structural panel hav-
ing a top sheet, a bottom sheet, and a plurality of spacing
structural elements arranged in a matrix that fixedly attach the
top sheet to the bottom sheet, the method comprising:

forming the matrix in a mold form by depositing a matrix

material into a plurality of voids formed in a face of one
of a first and a second plate of the form and bringing at
least a portion of the face of the first plate into contact
with the face of the second plate,

attaching the matrix to the top sheet and the bottom sheet,

a first plurality of voids being disposed on one of the first

plate and the second plate in a first direction, and

a second plurality of voids being disposed on one of the

first plate and the second plate in a second direction
perpendicular to the first direction.
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15. The method of claim 14 further comprising the step of
both the first and the second plurality of voids being disposed
on only one of the first or the second plates.

16. The method of claim 14 further comprising the step of
the first plurality of voids being disposed on one of the first
plate and the second plurality of voids being disposed on the
second plate.

17. A method of forming a ventilated structural panel hav-
ing a top sheet, a bottom sheet, and a plurality of spacing
structural elements arranged in a matrix that fixedly attach the
top sheet to the bottom sheet, the method comprising;

forming the matrix in a mold form, the matrix comprising

afirst plurality of parallel air pathways extending from a
first edge of the panel to a second opposite edge of the
panel, and a second plurality of parallel air pathways
extending from a third edge of the panel to a fourth
opposite edge of the panel, and the first and the second
plurality of parallel air pathways extend orthogonally to
one another, and a third air pathway extending between
the top sheet and the bottom sheet, in the interior of the
panel, being defined by the matrix; and

attaching the matrix to the top sheet and the bottom sheet.

#* #* #* #* #*
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